Supplemental Materials and Methods
Bacterial strains and plasmids. Bacterial strains and plasmids used in this study are listed in Table S3 .
Growth conditions. R. capsulatus strains were cultivated in either rich YPS 1 or minimal RCV 1 media under phototrophic (anaerobic) or chemotrophic (aerobic) conditions at ~30°C. Standard RCV medium contained 30 mM DL-malate and 10 mM (NH 4 ) 2 SO 4 as sole carbon and nitrogen source, respectively. To derepress nitrogenase cells were either grown on RCV medium without combined nitrogen or supplemented with 9 mM serine, which serves as poor nitrogen source. Cells were cultured phototrophically inside a glove box with N 2 (< 500 ppm O 2 ). Media were supplemented with tetracycline (Tc) (0.8 µg/ml), kanamycin (Km) (50 µg/ml), spectinomycin (Sm) (10 µg/ml), gentamicin (Gm) (2.8 µg/ml) and rifampicin (Rif) (25 µg/ml) when required.
R. capsulatus cultures growing with exogenous H 2 were set up either in shake flasks (200 rpm) inside a glove box (Coy Labs, Michigan, USA) with 90% N 2 / 10% H 2 , or by injecting 10% H 2 in the N 2 headspace of capped culture vials. Addition of exogenous H 2 was used to measure β-galactosidase activity and H 2 consumption.
Escherichia coli strains DH5α and S17.1 λpir were cultivated in Luria-Bertani medium at ~37ºC with shaking (200 rpm) and were used in routine cloning manipulations. Selective antibiotics used for E. coli were Tc (10 µg/ml), Km (50 µg/ml), Sm (25 µg/ml), Gm (10 µg/ml) and Ap (100 µg/ml).
Plasmid constructions and DNA manipulations. DNA purification, restriction enzyme digestion, plasmid constructions, PCR, E. coli transformation and other DNA techniques were carried out by standard methods 2 . Plasmids used in this study are listed in Table S3 , and primers used for PCR amplifications are listed in Table S4 .
The plasmid to introduce an in-frame nifH deletion into the R. capsulatus chromosome was generated as follows. Flanking regions of nifH gene were amplified by PCR using the oligonucleotides P1 and P2 for the region upstream of nifH, and P3 and P4
for the region downstream of nifH. The resulting PCR products were digested with
BamHI and EcoRI and cloned into the BamHI site of pK18mob suicide vector 3 by quadruple-ligations together with an EcoRI-digested Gm-resistance cassette to generate pRHB541.
The plasmid to introduce an in-frame nifHDK deletion into the R. capsulatus chromosome was generated as follows. Upstream region of nifH gene was amplified by PCR using the oligonucleotides P1 and P2 and downstream region of nifK gene was also amplified using P21 and P22. PCR products were digested with BamHI and EcoRI and cloned into the BamHI site of pK18mob suicide vector by quadruple-ligations together with an EcoRI-digested Gm-resistance cassette to generate pRHB704.
The plasmid to introduce an in-frame hupAB deletion into the R. capsulatus chromosome was generated as follows. Flanking regions of hupAB genes were amplified by PCR using the oligonucleotides P5 and P6 for the region upstream and P7 and P8 for the region downstream. The resulting PCR products were digested with BamHI and S2 . Characterization of R. capsulatus H 2 reporter strains. β-galactosidase activity determinations in the absence or presence of 10% H 2 in the culture gas phase (A and B). Strain RC3 carries reporter plasmid pMP220; strain RC4 carries plasmid pRHB502 (PhupA::lacZ in pMP220). Strain S1 carries the PhupA::lacZ fusion integrated into the chromosome. (C) In vivo nitrogenase activity of WT and S2 measured as levels of ethylene production (nmol min ) by WT and S2 in non-diazotrophic and diazotrophic conditions. (E) Colorimetric assays using X-gal to measure the response to H 2 in WT, S1, RC25 and S2 cultures growing in the presence of 10% of H 2 . WT and RC25 parental strains are used as controls. Fig. S3 . β-Galactosidase activity determination in R. capsulatus reporter strains with mutations in H 2 signal transduction and metabolism pathways. β-galactosidase activity was determined either in the absence or presence of 10% of H 2 in the gas phase. Strain genotypes are described in Supplementary Table 2 . ATGGGCAAACTCCGTCAGATCGCCTTCTACGGCAAAGGTGGTATCGGCAAGTCGACCACC ************************************************************ nifH wt TCGCAGAACACCCTCGCCGCGCTGGTCGAGATGGGTCAGAAGATCCTCATCGTCGGCTGC nifH-V7 TCGCAGAACACCCTCGCCGCGCTGGTCGAGATGTGTCAGAAGATCCTCATCGTCGGCTGC ********************************* ************************** nifH wt GACCCCAAGGCTGACAGCACCCGTCTGATCCTGAACACCAAGCTGCAGGACACCGTGCTG nifH-V7 GACCCCAAGGCTGACAGCACCCGTCTGATCCTGAACACCAAGCTGCAGGACACCGTGCTG ************************************************************ nifH wt CACCTGGCCGCCGAGGCCGGTTCGGTCGAAGATCTGGAAGTCGAAGACGTCGTGAAAATC nifH-V7 CACCTGGCCGCCGAGGCCGGTTCGGTCGAAGATCTGGAAGTCGAAGACGTCGTGAAAATC ************************************************************ nifH wt GGCTACAAGGGCATCAAATGCACCGAAGCCGGCGGTCCGGAGCCGGGGGTTGGCTGCGCC nifH-V7 GGCTACAAGGGCATCAAATGCACCGAAGCCGGCGGTCCGGAGCCGGGGGTTGGCTGCGCC ************************************************************ nifH wt GGCCGTGGCGTCATCACCGCGATCAACTTCCTTGAAGAAAACGGCGCCTATGACGATGTG nifH-V7 GGCCGTGGCGTCATCACCACGATCAACTTCCTTGAAGAAAACGGCGCCTATGACGATGTG ****************** ***************************************** nifH wt GACTATGTGTCCTATGACGTTCTGGGCGACGTGGTCTGCGGCGGCTTCGCCATGCCGATC nifH-V7 GACTATGTGTCCTATGACGTTCTGGGCGACGTGGTCTGCGGCGGCTTCGCCATGCCGATC ************************************************************ nifH wt CGTGAAAACAAGGCGCAGGAAATCTACATCGTCATGTCGGGCGAGATGATGGCGCTTTAC nifH-V7 CGTGAAAACAAGGCGCAGGAAATCTACATCGTCATGTCGGGCGAGATGATGGCGCTTTAC ************************************************************ nifH wt GCCGCCAACAACATCGCCAAGGGCATCCTGAAATATGCGAACTCGGGCGGCGTGCGTCTG nifH-V7 GCCGCCAACAACATCGCCAAGGGCATCCTGAAATAAGCGAACTCGGGCGGCGTGCGTCTG *********************************** ************************ nifH wt GGCGGGCTGATCTGCAACGAACGCAAGACCGACCGCGAGCTGGAACTGGCCGAAGCGCTG nifH-V7 GGCGGGCTGATCTGCAACGAACGCAAGACCGACCGCGAGCTGGAACTGGCCGAAGCGCTG ************************************************************ nifH wt GCCGCCAAGCTGGGCTGCAAGATGATCCACTTCGTGCCGCGCAACAACGTCGTGCAACAT nifH-V7 GCTGCCAAGCTGGGCTGCAAGATGATCCACTTCGTGCCGCGCAACAACGTCGTGCAACAT ** ********************************************************* nifH wt GCCGAACTGCGCCGCGAAACCGTGATCCAATACGATCCGACCTGCAGCCAGGCGCAGGAA nifH-V7 GCCGAACTGCGCCGCGAAACCGTGATCCAATACGATCCGACCTGCAGCCAGGCGCAGGAA ************************************************************ nifH wt TACCGCGAACTGGCCCGCAAGATCCACGAGAACTCGGGCAAGGGCGTCATCCCGACCCCG nifH-V7 TACCGCGAACTGGCCCGCAAGATCCACGAGAACTCGGGCAAGGGCGTCATCCCGACCCCG ************************************************************ nifH wt ATCACGATGGAAGAGCTGGAAGAGATGCTGATGGATTTCGGCATCATGCAATCGGAAGAA nifH-V7 ATCACGATGGAAGAGCTGGAAGAGATGCTGATGGATTTCGGCATCATGCAATCGGAAGAA ************************************************************ nifH wt GATCGCGAAAAGCAGATCGCCGAGATGGAAGCCGCGATGAAGGCCTGA nifH-V7 GATCGCGAAAAGCAGATCGCCGAGATGGAAGCCGCGATGAAGGCCTGA 
